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ABSTRACT

Spatial variability in crop yields can he caused by many factors,
which makes it difficult to determine the most limiting factors.
Application of animal wastes to relatively infertile areas offers the
potential to supply nceded nutrients and improve soil physical
properties. The objectives of this study were (o test a manure #p-
plication strategy to reduce spatial variability in corn (Zea mays L)
yield and to identify the most limiting nutrients in relatively low
yielding areas in a field. Fresh solid beef feedlot manure was ap-
plied in 1997 to a strip across areas with variable fertility status.
No fertilizer was applied with the manure in 1997. Unitorm N fer-
tilizer, but no manure, was applied in 1998, Leaf tssue samples
and chlorophyll meter readings were collected along the strips dur-
ing the growing scason and from adjacent strips without manure
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application. Grain yield was determined at plant matarity. In 1997,
chlorophyll meter readings indicated season long N deficiency
(<295% sufficiency index) in no-manure plots with sufficiency in-
dices of 93. 88. 83. and 88% for the V10, V17, R2. and R3 growth
stages, respectively. Only an carly season N deficiency was de-
tected in a few of the no-manure plots in 1998, Leaf tissue analyses
indicated N and P were growth limiting factors in 1997. with leaf
N concentrations of 235, 26, and 27 mg ¢ ! for non-manure plots
and 30, 33, and 3! mg g ! for manure plots at V12, RI, and R3
growth stages, respectively. Leaf P concentrations were 2.6, 2.0,
and 1.9 mg ¢! for no-manure plots versus 2.5, 2.7, and 2.3 mg
g ! for manure plots, respectively. In 1998, neither N or P were
identified as limiting factors. Grain yields in 1997 were 10.2 and
12.2 Mg ha ', which increased to 11.9 and 12.8 Mg ha™* in 1998
for no-manure and manure plots, respectively.

INTRODUCTION

Spatial variability in crop yield is a perpetual problem that is trequently
attributed to soil properties and nutrient availability. Uniform fertilizer application
(0 spatially variable soils usually results in over- and under-fertilized areas. With
the advent of yield monttors and global positioning systems (GPS), spatial vasi-
ability can now be recorded and displayed as a colorful yield map. These vietd
maps can then be analyzed and displayed using geographic information systems
(GTS) so that producers and consultants can identify problem areas within the
field. Once areas have been verified to have a likely soil fertility problem, GPS
units can be used to define the houndary of relatively infertile areas so that organic
amendments such as manure can be applied to minimize the effect of the observed
spatial variability.

Application of manure or other organic amendments has been demonstrated
to supply nutrients, increase organic matter content. and improve physical proper-
tics. Feadiot callle manure is a valuable resource as a fertilizer and soil amendment
{Sommerfe!dt and Chang, 1985), In addition to its nutrient supplying capabilities,
manure can also improve such sail physical properties as porosity, structure. water
infiltration rate, and available water halding capacity (Sweeten and Mathers.
1985). Manure has also been found to reduce surface crusting. soil compaction,
and soil bulk density (Tiarks et al., 1974). Sommerfeldt and Chang (1985} dem-
onstrated that manure application to irrigated land lended to decrease the amount
of scil aggregates <1 mm while increasing the amount of aggregates =1 mm in
size at the 15-30 cm depth. Because of its ability to supply plant nutrients and
improve soil physical properties, manure has been used effectively in restoring



USE OF PRECISION FARMING 1357

productivity 10 marginal, less fertile, and eroded soils (Horntck, 1982; Larney and
Janzen, 1997). However, improvements in soil physical structure may not be evi-
dent after one or twe growing seasons. The extent to which manure provides nu-
tricnts and changes soil physical properties is dependent upon: a) composition of
rations fed to livestock, b) method of manure collection and storage, ¢} ration,
bedding, soil, and/or water added, and d) method and time of application 1o land.

Even though manure is known to provide several benefits to soil and in-
crease productivity, there is & concern for surfuce and groundwater polintion. High
rates and/or perpetual applications of manure can lead to increased nitrate leach-
ing to gronndwater and P Joss in surface runoff (Sharpley and Smith, 1995), The
over-application of manure to relatively high productive areas can lead to greater
surface and groundwater pollution than on relatively low productive areas (Som-
merfcldt et al., 1988}, This emphasizes the Limportance of imposing goed manure
management on existing practices that minimize erosion and runoff, The current
problem with manure utilization lies in determining maximum safe rates for the
environment while meeting crop needs. There needs to be a balance between peak
crop nutrient requirements and potential movement through the soil profile when
the crop has low or no nutrient requirements.

Ta facilitate good manure management and minimize pollution potential.
chlorophyll meters and tissue sampling can be utilized to monitor crop nutrient
status and provide indication of deficiencies in soil. Wood et al. (1992} demon-
strated that chlorophyll concentration in corn is positively correlated with leaf N
concentration. Schepers et al, (1998) used this relationship to show that chloro-
phyll meters could be used to menitor the N status of corn and schedule fertilizer
applications. Although chlorophyll meters do not measure leaf N concentration.
they do provide an indication of potential photosynthesis. which is highly corre-
lated with crop N status.

Tissue testing for plant or grain nutrient concentrations can provide an in-
dication of possible nutrient deficiencies in soil by comparing values with pub-
lished critical nutrient concentrations {CNC} or critical nutrient ranges. A plant
concentration that falls below the CNC may result in a yield reduction. Plant con-
centrations above the CNC are considered adequate with no yield reduction ex-
pected unless values are so high that the element becomes toxic. Some caution is
appropriate because plant nutrient concentrations are affected by age and type of
tissue, cultivar, nutrient interactions, and the environment (Bates, 1971). A more
effective use of tissue sampling is to compare concentrations between leal tissue
from distinctly heaithy and stressed arcas. In doing so. one can obtain better in-
dications of nutrient deficiencies (if any) that may be present in the stressed areas.

Fertilizers are typically applied uniformly as most fields are fertilized as a
single unit. However, there are many occasions when more than one soil type
exists in a lield, which leads to different crop yield potentials. Plant nutrient status
within a field is likely to vary accordingly. Considering such variability. Carretal.
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(1991) suggested the possibility of a “farming soils. not fields™ strategy as a po-
tential alternative Lo conventional fertilizer stralegics as @ way to improve lertilizer
profitability.

By implementing site-specific manure applications. producers can apply
manure (o relatvely infertile arcas of the field to supply needed nugrients, improve
s0il physical properties. and increase crop procluctivity. Site-specific manure ap-
plication may also be important in that the manure will be applicd to areas where
it will he best utilized, thus reducing the potential for surface and groundwuter
pollution. The objectives of this study were to test a manure application strategy
to reduce spatial variability in crop yield of a field and o identify the most limiting
nutrients in refatively low vielding areas within a field.

MATERIALS AND METHODS

This experiment was cenducted in 1997 and 1998 on a 60-ha center-pivot
irrigated field of continuous corn (Zea mays L) located in Buffalo County
near Shelton, Nebraska. A ridge-till system, consisting of stalk shredding, strip-
rototilling the ridge tops ahead of the planter. and two cultivations during the
growing season for weed control and ridge building was used. The soil types
within this (ield included approximately 40% Blendon loam. 0—1% slope {coarsc
loamy, mixed. mesic Pachic Haplustoll), 20% Blendon loam. 1-3% slope (coarse
loamy, mixed mesic Pachic Haplustolly, and 40% Hord silt loam, 0—1% slope
tfinc-silty, mixed, mesic Cumulic Haplustoll).

This study was super imposed on a terminated project (1994 -1 896) that had
six 22-row wide N treatments with five replications. The strips selected had all
received uniform applications of N fertilizer at a conservative rate for the previous
three years. Yield monitor data for 1996 were graphed for each replication to
identify the low yielding areas. Thirty-two row wide transects were established
across these areas to inciude both relatively fertile and inferiile soils (Fig. 1),
Transects were divided into two adjacent strips representing manure and no ma-
nure treatments. Each treatment {manure and no manure strips) contained eleven
12 m % 12 m plots (16 rows at 0.76-m spacing). Plots were numbered from one
to cleven in each strip, with plot number six posilioned in the Jowest yielding area
according to the yield map.

Fresh solid beet feedlot manure was applied in early spring of 1997 ata rate
of 112 Mg ha=! wet or 69.6 Mg ha~ ! dry. This rate was chosen based on manure
supplying the recommended 224 kg N ha ' crop requirement. All ammonium N
was assumed to be lost since the manure could not be incorporated (ridge-tillage),
A 20% N availability from organic N was assumed for the first year. Conscquently.
applying manure to mect the crop N requirement led to an ever-application of P
and K. Four samples of the manurc were collected during the application for nu-
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Corn Yield - 1996 Bare Soil - 1994

Figure I Yield map for irrigated corn in 1996 and bare seil image showing iocation of
research plots.

trient analysis, The manure was incorporated 2 weeks after application with roto-
tilling that was part of the planting operation.

Starter fertilizer was applied as 10-34-0 (ammoninm polyphosphate} In
1997 at the rate of 78.6 kg ha ' in furrow with the seed. In 1998. 10-34-0 was
applicd at 235.8 kg ha~! using a one-pass injection system before planting. In both
years, the field was planted the last week of April at 835,000 seeds ha='to NC+
hybrid 4880. This 112 day hybrid required 2430 growing degree days for maturity
and was well adapted to ridge-1ill systems, early spring planting, and continuous
corn systems. The grower made all tillage operations and management decisions.

Chlorophyll meter readings (Minelta SPAD 502) were taken biweekly from
the V10 to R3 growth stages. Meter readings were based on a 30-plant average
and collected from the middle ten rows within each plot. Readings were taken on
the upper most collared leafl prior to anthesis and on the ear leal afier anthesis
{Peterson et al., 1993). Leaf tissue samples were collecled at the V12, R1,and R3
growth stages. The V12 sampling consisted of 80 circular disks (1.0-cm diameter)
taken from the upper most collared leaf. The R 1 sampiing consisted of 80 circular
disks taken from the ear leaf, The R3 sampling consisted of 20 ear leaves less the
midrib.

No manure was applied to any plots for the 1998 growing season. However,
all plots received a uniform sidedress application of 177 kg N ha ! as anhydrous
ammonia in the spring. Chlorophyll meter readings were taken on a hiweekly
basis beginning at V10 and ending at R3 growth stage. The readings represented
a 30-plant average taken on the upper most collured leaf prior to anthesis and ear
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leaf after anthesis. Leaf tissuz samples (20 leaves. less the midrib) were collected
at the V12 (upper most cotlared leat’) and RI {ear leaf) growih stages. In both
years the leaf tissue samples were analyzed for N. P. K. Ca. Mg. 5, Zn. B. Mn. Cu.
Fe. Na. and Al using the ICP emission spectrescopy method described by Hunge
and Schulte (1983).

Grain weight was determined {rom the nuddle 8 rows {12-m length) of cach
plotin both 1997 and 1998 using a 3-row plot combine. Final vield was corrected
o 155 ¢ kg~' (15.53%) moisture.

Soil sampies were taken from within the row in the spring of 1998, Twelve
cores per plot were obtained in depth increments of 0--7.5. 7.5-15. and 15—
30 cm. Two high yielding and two low yielding no-manure and the adjacent ma-
nure plots were sampled. Soils were analyzed for pH. organic matter. nitrate-IN, P,
K. Mg. Ca. S, Zn, Mn, Cu, Fe, and B using methods described by Missouri Agri-
cultural Experiment Station SB 1001 (1998).

Chlorophyll meter data were analyzed using the sufficiency index concept
(Peterson et al.. 1993). Relative values. coeflicients of variation, and the MTXED
procedure of SAS (Littell ¢t al.. 19963 were used to analyze jeaf nutrient concen-
trations. soil. and yield data. Leal nutrient concentrations were compared to criti-
cal nutrient ranges (CNR) for Nebraska. Early season analyses were compared to
CNRs for silking stage. The CNRs were defined as: 1) deficient — BO% or less
vield. deficiency symptoms present, 2) low — %0 to 93% vield. hidden hunger area,
3} sufficient — 95 to 100% yield. normal yield. and 4) high — 100 to 70% yield,
abnormally high or excessive resulting in possible yield reduction caused by plant
toxicity.

RESULTS AND DISCUSSION

Manure analysis showed thal Na and soluble salts additions were acceptable
(<2500 and 3000 kg/ha. respectively) according 1o University of Nebraska guide-
lines. Manure pH was lower than expected considering most beef rations ate high
in caleium carbonate (Table 1), About two-thirds of the N in the manure was in
the organic form. First-year N availability from fresh heel feedlot manure would
typically be adjusted to ~35%. Utilizaton of ammoniwn-N would vary depend-
ing on cultural practices. Release of § and P from manure is expected to coincide
with N mineralization.

Chlorophy!i meter readings from the manure strips in 1997 were greater
(P<20.05) at the V10, VT. R1 and R3 growth stages than {or the no-manure SIrips.
However, plots within a treatment {manure o1 no-manure strip) were onty different
at VT and R2 growth stages. Examination of plot data from individual replications
revealed that each replication responded differentiy to the manure application in
terms of which plots were responsive. Differences in fertility status generally re-
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Table 1. Average Chemical Analysis of Fresh Beef Feedlot Manure Applied to Plots in
1997 Shelten, NE

Apount of
Concentration  Element Added

Analysis (Dry Basis) (kgha 1)
Organic nitrogen, mg N g ! 16,7 1162
Ammoninum-N, mg N g ! 6.1 426
Nitrate-N, mg N kg™ 2.8 <1
Total nitrogen, mg N g1 229 15588
Phosphorus. mgP g 7.5 522
Potassium, mg K g~ 200 1391
Sulfur, mg S g ! 4.6 320
Calcium, mg Ca g ! 21.2 1475
Magnesium. mg Mg g ! 6.5 452
Sadinm, mg Na g~! 3.7 257
Zine. mg Zn kg ! 137 10
Tron, mg Fe kg 9070 631
Manganese, mg Mn kg™ 220 15
Copper. mg Cukg ! 28 2
Electrical conductivity, mmho/em (1:5 dry wt.) 38.1

pH (1:5 on dry wi. basis using distifled water} 6.9

Moisture, % 37.9

Solids. % 62.1

sulted in the most fertile arcas being at the end of each strip as intended, However,
the trend in fertility status within the strip was ditferent for each replication. This
made it impractical to compare crop responses for any given pusition (plot number
in the sequence) along the strip. For this reason, side-by-side comparisons (i.e..
manure and no manure plots) were used to temporally SUMmIMAarize Crop responses.
Within the manure strips, plots at the end of each replication were usecd as a ref-
erence and ail other values were pormalized to the reference plot for that replica-
tion unless otherwise specified.

In 1997, chtorophyll meter readings indicated 64% of the no-manure plots
were apparently N deficient (< 93% sufficiency index) at V10. By VT, 80% of
the no-manure plots were identified as stressed. The percentage of no-manure
plots that were N deficient remained at 8% through R3 before increasing slightly
to 82% by R4, No-manure strips for three of the five replications had average
sufficiency index values < 95% by V10 and four of the five were << 95% by VT.
Only one replication managed to stay above the 95% sufficiency index throughout
the growing season. although several plots within this replication developed a de-
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ficiency. Replications with the lowest average sufficiency index values had the
greatest yield differences berween the manure and no-manure plots.,

In 1998, 45% of the no-manure plots were identified as being N deficient by
V12 according to chlorophyll meter criteria, However, that number of N deficient
plots declined 1o 7% by R1 and 2% by R3. Only one replication had an average
sufficiency index value <2 95% by V12, By the Rt growth stage, no replications
had un average sufficiency mdex that would indicate a N deficiency. Linlike 1997,
visual deficiency symptoms were not observable in 1998, Nitrogen deficiency was
not expected in 1998 since all plots received a sidedress application of 177 kg N
ha!as anhydrous ammonia. These data support the observation that chlorophyll
meter readings provide a good indication of apparent crop N status as well as vield
potential (Schepers et al., 1998),

In 1997, increases in leal N. P, S. Mg, and Zn concenlrations were found in
the manure plots (Table 2), while concentzations for other nutrients were not dif-
ferent. Leaf concentrations of N and P at sitking showed the Sredlest response to
manurc application. Regression analysis i12) between nutrient concentration and
vield were 0.65 for N and 0.64 tor P in 1997 {Fig. 23, Higher leaf N and P concen-
trations for the manure plots at the R1 growth stage versus yield most clearly
illustrated the relationship with higher vields. Nitrogen was presumed to be a
yleld-limiting factor in 1997 because no N fertilizer was applied to the no-manure
plots. Leaf N concentrations tor three sampling dates were 25 (VT), 26 (R1;. and
26 mg g ! (R3) for no-manurc plots, which corresponded to the low CNR (22—
27 mg g7'). Leaf N concentrations in the manure plots were 30 (VT), 33 (R D),
and 31 mg ¢! (R3). which were in the sulficient CNR (27-35 mg ¢ ') Plots with
SPAD readings below 54 at the R1 growth stage in 1997 (i.c., <05% safficiency
ndex) would be expected (o respond to additional N (Figure 3). As such, even
some of the plots receiving manure were prabably N deficient,

Leal P concentrations were 2.0 (VT3 2.0 (R1), and 1.9 mg g H{R3) for the
check plots, which corresponded to the low CNR (2.0-2.4 mg g71). Leaf P in
the manure plots were 2.5 (VT 2.7 (R1). and 2.3 me g~ (R3). which were in the
sufficient CNR (25-4.0 mg ¢ ). Plant analysis indicated that leaf K concentra-
tons were in the low CNR (1219 mg g for all plots. However. regression
analysis indicated leat K concentration was not limiting vield. Furthermore. soil
analyses (data not shown) indicated high levels of K and the addition of manure
did not increase leaf K concentrations (Tahle 2),

Manure applicd in 1997 had a carry-over elfect (P<<00.01) on yield response
in 1998 (12.8 Mg ha ' conipared to plots that received no manure or fertilizerin
1997 (11.9 Mg ha-'). In comparison, 1997 yields for the no-manure and manure
treatments were 140.2 and 12.2 Mg ha - (P<20.01). In 1998, the residual effect of
the 1997 manure application was observed for leaf P Mg. and Zn concentrations
(Table 2). Leaf nutrient concentrations at silking showed P had the greatest djiter-
ence in response to manure application. The kigher leaf P concentration for the
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Figure 2. Relationship between leat N and P concentratton at the R1 growth stage on
corn yield during the yeur of manure application 1o spatially variable plots.

no-manare plots in 1998 (3.1 mg g ') than in 1997 {2.1 mg ¢~ ') is attributed to o
three-told increase in starter fertilizer rate in 1998, Even though P concentrations
in 1998 were lower in the no-manure plots (3.1 mg g ') than the manure plots
(3.5 mg g '), all were still considered sufficient {(CNR of 2.5—-4.0 me g ). Leat
Nand S concentrations at silking were not alfected by the previous manure appli-
cation, This suggests the uniform N fertilizer application in 1998 was adequate
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Figure 3. Relationship between chlorophyll meter readings at the R1 growth stage and
corn yield in the year of manure application.

for the check plots, Leaf Zn concentration was significantly lower for the manure
plots in 1998 (19.5 mg kg ') compared to the no-manure plots (23.1 mg kg™').
No explanation is offered other than that a P: Zn interaction coutd have developed
in the soil because of the manure application in 1997 and the extra starter fertilizer
applied in 1998. This possibility goes along with the cbservation by Meek et al.
{1979) who found the use of manure not enly provides P for plant growth but alse
enhances the availability of fertilizer P.

Historical soil data from intensive grid sampling in 1994 (not shown) indi-
cated relatively fertile areas were higher in organic matter, nitrate-N, and Bray-P
levels than relatively infertile areas. Soil pH was quite consistent between fertile
and infertile areas, perhaps because the irrigation water contains Ca and Mg sul-
fates and carbonates. Fertilizer N was required for irrigated corn production in all
field areas to meet vield goals. Phosphorus levels were considered low, whereas
all other nutrients were considered adequate.

Soil samples collected in 1998 indicated considerable stratification within
the surface 15 cm. Mean soil test values were generally higher after manure appli-
cation and ¢specially in the upper 7.5-cm soil depth.

Yield variation within transects (CVs) revealed less spatial variability than
anticipated. ITn both years, the CVs were less than ten percent. Neither plot posi-



1366 MASEK ET AL.

7
e 1957 /
= 1998
1.1
.
z 1=
z
=
o F 8
=2
= .
i)
o 08 -
.
1 hine
.
0.9 1 el 1.2

Retative 1896 Yield

Figure 4. Relative yield of corn for plots in prior to manure application (1996) compared
tarelative yields for the year of manure application (1997) and the following vear with anly
fertilizer application (1998).

tion atong the transect nor position by treatment interaction were significant cither
vear. This suggests that the response Lo manure was essentially equal at all tran-
sect positions, However. graphical presentation of yield along each transect (not
shown) revealed that yield response to manure had a different spatial pattern tor
each replication. Combining data from the five spattally different replications re-
sulted in no position or position by treatment effects,

As expected, manure increased yields in both years. In 1997, the manure
lead to a 21% yield increase over the no-manure plots and a 10% vield increase
above the field average of 11.3 Mg ha~!. The lurge yield increase observed in 1997
was attributed to the Jack of fertilizer application to the no-manure plots other
than u nominal application of starter fertilizer (—~8 ke Nha 'and 12 kg P ha ).
Chlorophyll meter readings at R1 (29 July, 19973 also showed considerable vari-
ability in chlorophyll status compared to the manure plots. Since many nutrient
deficiencies affect plant chlorophyll status, it is not appropriate to attribute the
reduced chlorophyll meter readings solely to an N deficiency.

In 1993, the manure freatment resulted in a 7% vield increase over the no-
manure plots and a 3% increase ubove the field average, The vield increase ob-
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served in 1998 was attributed to P supplied by the manure. The higher yields in
no-manure plots observed in 1998 compared o 1997 were influenced by the ap-
plication of anhydreus ummonia, three-fold increase in starter fertilizer rare, and
good growing season conditions. Seasonal precipitation in 1997 was 33.3 em and
i 1998 was 40.6 em, compared to the 30-year average of 41.2 ecm. May and June
precipitation in 1997 was near ideal with 10.4 cm, but in 1998 it was cxcessive
with 24.4 em. Growing degree days for May through September (10-degree C
minimum and 30-degree C maximum) for the two years were 2799 and 3078,
respectively.

Manure application suppressed yields in some spots during that first vear,
but reduced the spatial variability in yield the second year. McCalla (1974) cited
several studies where high rates of manure applications lead to reduced yields the
first year after application. Larney and Janzen (1997) reported a yield reduction
the first year following manure application on non-eroded soils. Unformunately,
measurements were not taken to monitor changes in soil physical properties as-
sociated with manure application. Producers avoid spring manure applications be-
cause of potential compaction problems.

Comparison of yields for specific plots where yield map dara were available
in 1996 shows that the variability in relative yield was reduced by manure appli-
cation (Figure 4). The standard deviation for relative vield in 1996 was 0.043
compared to 0.058 for 1997 and 0.039 for 1998. Not all of this reduction in spatial
variability in yield in 1998 can be attributed te the manure treatment because of
the extra starter fertilizer applied by the producer.

CONCLUSIONS

This study showed that there was a multiple vear benefit from manure ap-
plication. The manure application led to greater yields and improved the preduc-
tivity of marginal or relatively intertile soils as well as relatively fertile soils. Ni-
trogen and P were shown to be limiling factors during the first year of the study,
Neither N nor P was limiting the second year, but yield data suggest there was a
carry-over benefit of manure application. The use of site-specific management
practices to identify areus of relatively infertile soils and a corresponding manure
application can reduce spatial variability. This study demonstrates the value of
on-farm research by revealing spatial aspects that would be difficult ta appreciate
in plot studies with adjacent replications. Tt also identifies the need to develop such
studies in consuitation with producers. In this study, the producer modified the
starter fertilizer program for the whole field in the second year based on the first
year resulls. Ideally, the starter ferlilizer programs would have been the same
both vears.
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